The param agnetic Co[P(CH3)3]4 1 as a strong nucleophile is prone to oxidative addition reac tio n s 2-3, its m etal center is easily p ro to n a te d 2.
Introduction
The param agnetic Co[P(CH3)3]4 1 as a strong nucleophile is prone to oxidative addition reac tio n s 2-3, its m etal center is easily p ro to n a te d 2. W e tried to find out, w hether th e experim entally evident high electron density a t th e m etal can still be increased b y com pleting th e cobalt valence shell from d 9 to d 10. Trim ethylphosphine is regarded as a weak Ti-acceptor ligand-and is therefore not expected to stabilize a complex cobalt anion.
So far th ere was no clue for th e non-existence of a L 4C0 -w ith L = (CHs)3P, which has been described for L = (CH30 ) 3P 5 and would have N i[P(CH 3)3]4 6 as an isoelectronic pend an t, b u t for th e observation th a t th e usual synthetic procedure via deprotona tio n of th e corresponding m etal hydride C0 H L 4 w ith a strong b ase 5 is n o t applicable for L = (CH3)3P 7. 
Syntheses and Properties
In ether solutions Co[P(CH3)3]4 (1) attack s clean surfaces of alkali m etals forming th e alkali com pounds 2a-c of th e tetrakis(trim ethylphosphine)-cobalt anion (2 ).
ROR
C0L4 + e ► C0L4-1 ' 2 2 a : KC0 L4 -1/2 E t20 brick red 2 b : NaCoL4 • E t 2 0 ochre L = (CH3) 3P 2 c : LiCoL. 4 
• T H F yellow
The alkali com pounds 2 a -c ignite spontaneously upon contact w ith air, b u t under an inert gas they are quite stable therm ally. In a nitrogen atm osphere 2 c is slowly decom posed a t 20 °C while under argon it can be stored for m onths a t th is tem perature. Since lithium is th e only alkali m etal to react w ith molecular nitrogen under norm al conditions, there is some evidence th a t this decom position of 2 c (see experim ental section), which has n o t been studied in detail, sta rts w ith a reversal of th e form ation reaction. Sim ilarly 2 a -c decompose in vacuo: 1 Upon cooling and/or adding increasing amounts of E t20 or THF clear solutions and lighter colours are observed which turn orange in the low tem perature limit. This colour appears to correspond to unperturbedly solvated 2. Only these orange solu tions are diamagnetic as expected for a d10 complex.
The m NMR spectra consist of a broad singlet (TPCH3 = 9.1, toluene-Dg, -70 °C, TMS as external reference) from which information of H -P coupling is not readily obtained, as was earlier observed in the case of the isoelectronic N ila 6. Reliable UV spectra of E t20 solutions of 2 a at variable tem perature could not be obtained so far.
Reactions a) Reductions
Apparently homogeneous solutions of 2 a in ether reduce naphthalene or benzophenone to give the corresponding radical anions, their more intense colours obscuring that of 1 . 2a + (C6H5)2CO -> 1 + (C6H5)oC0-K+ 2a + CioH8 ^1 + Ci0H 8-K+ However, as a consequence of the reversible formation of the alkali compound it remains un certain whether 2 or the alkali metal is the actual reducing agent. Both species can also be responsible for the polymerization of butadiene and isoprene which is observed under the same conditions.
Reduction was also dominant in an attempted synthesis of a trimethylphosphine substituted complex containing a Co-Au bond.
Analogous cobalt carbonyl complexes R3P(CO)3CoAuPR3 have been described8.
b) Carbonylations
Because of its high electron density the complex anion 2 should be favourably disposed towards substitution reactions by better 71-accepting ligands. Carbon monoxide readily displaces three of the four trimethylphosphine ligands of 2 a.
2 a 1 L3CoCl 2 and Co(I) 9 complexes, a clear order of affinity to ^-acceptor ligands is recognized which decreases with higher oxidation states of the metal.
L = (CH3)3P
A monocarbonyl complex 3 as a first product is characterized by its vCO (1910 cm-1) and by quenching reactions to yield the hydridocarbonyl complex 4 and CoCH3(CO)L3 2, respectively. 
c) Dejyrotonation reactions
Even with rigorous exclusion of moisture in the syntheses of 2a-c invariably 3-5% of C0HL4 7 are obtained as a by-product arising from a reaction with the glass wall. Accordingly all three alkali compounds react violently with water, alcoholes or amines. The quantitative course of these reactions provides a basis for high yield syntheses of the hydrido complex7, especially for the deuterated species, using D2O as a reagent.
Even tetramethylphosphonium salts are readily deprotonated to give trimethylmethylenephosphorane10.
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In an attempted synthesis of a tetramethylammonium salt of 2 quantitative alkylation of the complex was observed, e.g. an oxidative addition at the cobalt center (d10->d8).
This type of reaction is observed with many organic and inorganic halides, penta-coordination and diamagnetism of the products indicating d8-complexes (Scheme I). 
The methoxymethyl complex 5 exhibits a fluxional behaviour similar to that of C0CH3L4 2. How ever, the CH2 proton NMR is obscured by the broad PCH3 singlet (r = 9.1) which prevents a ready estimate of the pseudorotation barrier. The low temperature 31P NMR spectrum (see experimental section) clearly shows the methoxymethyl group occupying an axial position in the tb p groundstate structure of this molecule. No coordination of the oxygen donor to give a C0OCH2 three membered ring is indicated.
The ?73-allyl complex 6 is an analog to a phosphite compound described by M u e t t e r t i e s 5 and is nonrigid, too. With trimethylchlorosilane straight forward additions take place both at 2 and at the cricarbonylphosphinecobalt anion yielding the new silylcobalt complex 7 and the known tricarbonylsilylcobalt system11. Low temperature NMR spectra indicate rapid intramolecular motions of 7, e.g. singlet *H and 31P resonances down to -90 °C. This is probably due to steric constraint and de formation of the tb p molecular structure favouring the pseudorotation process.
C0 CH3L 4 2 undergoes fast oxidative addition re actions with methyl halides. This provides a simple high }äeld synthesis of the recently described dimethylcobalt complexes12.
After the addition of the first methyl halide enough electron density is left at the cobalt center for a second addition to follow. This twT o step oxidative addition (d1(W d 6) at the same metal is unique in the chemistry of metal complexes, as far as we know.
Whenever a cr-alkyl rest with a /5-hydrogen is attached to the Co(I) instead of a methyl group, fast elimination of an olefin and formation of a carbonyl hydride cobalt complex is observed.
A CO fragment is mobilized from acyl halides and is taken up as a carbonyl ligand. As 2 exchanges phosphine ligands for CO with all carbonyl cobalt complexes in higher oxidation states, side reactions inferring variable amounts of by-products are observed.
Redistribution of ligands between the products can additionally occur which leads to intractable mixtures, even when R = CH3.
Discussion
The tetrakis(trimethylphosphine)cobalt anion 2, rates amongst the strongest metal bases. As in dicated by the reversible formation of the alkali salts 2 a-c its reduction potential must be of the same order as that of the alkali metals (ca. 3 V)13.
When solvation of ions or ion pairs {M+CoL4~} by ether molecules is not sufficient, the problem of excess negative charge14 at the cobalt is solved by transfer of an electron to the alkali cation, not by decomposition of the trimethylphosphine com plex.
The stabilization of Co(-I) brought about by four trialkvlphosphine ligands is hard to explain solely on the basis of their a-donor properties. The trimethylphosphines could also exert some ^-acceptor strength, which would then appear to increase with the electron density that must be disposed of. On the basis of very similar infrared spectra four complex entities, all most likely tetrahedral, display some characteristic changes in the molecular frame work. Ligand vibration modes of the type « 5CH3, qCH3 and rPC3 are uniformly shifted to lower frequencies in the order
while the intensities of these bands do not change appreciably. At least the VPC3 vibration modes are believed to be reliable indicators of electronic chan ges in the ligand15.
In the order given above they clearly show an increasing induction of negative charge from the complex center into the PCH bonds of the tri methylphosphine ligands.
Experimental
All preparations were carried out in an atmosphere of dry nitrogen. Melting points and decomposition temperatures were obtained from capillaries under nitrogen and are uncorrected. IR spectra were recorded using a Perkin-Elmer grating spectro meter, type 577. 1H and 31P NMR spectra were recorded at 60 MHz and 24.3 MHz, respectively, using a JEOL C 60 HL spectrometer equipped with a low temperature unit which was calibrated by means of a standard methanol sample. 13C-PFT NMR spectra were recorded on a Bruker HX 90 spectrometer at 23.36 MHz.
Potassium tetrakis (trimethylphosphine)cobaltateKCoLi • 1/2 E t20 (2 a) C0L4 2 (2.10 g, 5.75 mmol) in 50 ml E t20 is stirred with excess potassium metal (3 g, 75 mmol) at 20 °C for 5 h. The resulting red-brown solution is evaporated to dryness under reduced pressure and the residue recrystallized from 50 ml pentane containing 1 ml E t20 by slow cooling over a Dry Ice bath and dried in vacuo at 20 °C: red crystals, decomp. > 103 °C (yield 87%). The mother liquor contains some C0HL4 7 (IR).
Sodium tetrakis (trimethylphosphine)cobaltate -
Using clean pieces of sodium metal this synthesis affords ocher crystals which are recrystallized from 50 ml pentane containing 3 ml E t20 as described above (yield 71%), decomp. > 82 °C.
Lithium tetrakis ( trimethylphosphine)cobaltate -

LiCoLi ■ T H F (2 c)
Under 1 atm argon in a similar procedure lithium metal reduces C0L4 in 50 ml THF at 20 °C within 7 h. The dark brown solution is filtered and evap orated to dryness. The yellow residue is washed with three 20 ml portions of pentane at -30 °C and dried in vacuo at 20 °C (yield 63%), decomp. > 35 °C. The compound can be stored under argon at room temperature. 1H NMR (toluene, 60 MHz): rCoH = 13.1; J(PCoH) = 27 Hz (constant from -60 to 60 °C).
Reaction of 3 with CH3I
To the solution of KCo(CO)L3 (see above) methyl iodide (1 mmol) in 10 ml Et^O is added dropwise at room temperature. After 2 h the mixture is evap orated to dryness and extracted with 20 ml of pentane (raw yield 85%). Sublimation (0. Table I I I  ( method A ) To a solution of 2 a (1 mmol) in 50 ml E t20 equimolar amounts of reagent dissolved in 10 ml Et-20 are added dropwise at -70 °C. The mixture is warmed up and kept at 25 °C for 3 h. After filtering and evaporating to dryness the residue is sublimed in vacuo. Table I V  (method B ) To a solution of 2 a (1 mmol) in 50 ml E t20 slightly less than equimolar amounts of reagent (0.95 mmol) dissolved in 10 ml E t20 are added dropwise at -70 °C. The mixture is warmed up and kept at 25 °C for 3 h. It is then evaporated to dryness, the residue extracted with small portions of pentane and the resulting solution is concentrated to a small volume (3-5 ml). Slow cooling to -78 °C affords crystals which are isolated by decantation and condensation of ca. 1 ml pentane at this tem perature as a washing procedure. The products are dried by slowly warming up in vacuo. 
Preparation of complexes listed in
